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(57)Abstract: 

PROBLEM TO BE SOLVED: To attain self-excited oscillation 
with simple structure. 

SOLUTION: The self-excited oscillation is possible by forming 
an n type In0.1Ga0.9N/GaN multiquantum well adjacent layer 
104 as a saturable absorption area adjacently to an 
In0.3Ga0.7N/GaN multiquantum well active layer 105 or 
In0.3GaO.7N/GaN multiquantum well active layer 105 of this 
light emitting element. Consequently, this light emitting element 
satisfies practical performance as a read optical head for 
optical disk recording. 
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CLAIMS 

[Claim(s)] ' 

[Claim 1] In the nitride system semi-conductor light emitting device by which laminating formation of the 
mixed-crystal layer which consists of an m-V group compound semiconductor containing the adjacent layer 
which adjoins on a substrate at a barrier layer and this of 3 yuan or more which has the crystal structure of 
hexagonal system was carried out Said adjacent layer is dotted with the island-shape field where the 
concentration of one element which constitutes this adjacent layer is higher than the circumference. The 
concentration of said one element of this island-shape field The nitride system semi-conductor light emitting 
device to which change of a presentation in a direction perpendicular to C shaft of the crystal of said 
hexagonal system differs 10% or more within 2nm, the overall diameter of said island-shape field is 100nm or 
less, and high impurity concentration of said island-shape field is characterized by the low thing compared with 
the high impurity concentration of a periphery. 

[Claim 2] The nitride system semi-conductor light emitting device according to claim 1 characterized by being 
embedded with the semi-conductor with which said barrier layer is dotted with a hole-like field, and this hole- 
like field forms said adjacent layer. 

[Claim 3] The nitride system semi-conductor light emitting device according to claim 1 characterized by 
dotting said adjacent layer with the hole-like field. 

[Claim 4] Said one element which said adjacent layer has multiplex quantum well structure, and forms said 
island-shape field is a nitride system semi-conductor light emitting device according to claim 1 characterized 
by being at least one of an indium, aluminum, or galliums. 

[Claim 5] It is the nitride system semi-conductor light emitting device according to claim 1 which said barrier 
layer has multiplex quantum well structure, and this barrier layer is dotted with the island-shape field where 
the concentration of one element which constitutes this barrier layer is higher than the circumference, and is 
characterized by this island-shape field being the same compared with the band gap of the ingredient of the 
field surrounding this field, or having a small band gap with the difference of less than 10 meVs. 
[Claim 6] Said impurity is a nitride system semi-conductor light emitting device according to claim 1 to 5 
characterized by being one at least of Si, C, germanium, Sn, and the Pb(s). 

[Claim 7] The nitride system semi-conductor light emitting device according to claim 5 characterized by filling 
lambdam=2nd (m= 1, 2, 3, 4) when luminescence wavelength of n and said island-shape field is set [ spacing 
between said island-shape fields ] to lambda for the refractive index of d and its periphery. 
[Claim 8] The nitride system semi-conductor light emitting device according to claim 5 to 7 characterized by 
dotting said barrier layer with a hole-like field, and being embedded with the semi-conductor with which this 
hole-like field forms said adjacent layer, and being embedded with the semi-conductor which said adjacent 
layer is dotted with a hole-like field, and this hole-like field adjoins said adjacent layer, and forms the layer 
which is not a barrier layer side. 

[Claim 9] The nitride system semi-conductor light emitting device characterized by being embedded with the 
semi-conductor with which said barrier layer is dotted with a hole-like field, and this hole-like field forms said 
adjacent layer in the nitride system semi-conductor light emitting device to which the laminating of the mixed- 
crystal layer which consists of an III— V group compound semiconductor containing the adjacent layer which 
adjoins a barrier layer and this of 3 yuan or more which has the crystal structure of hexagonal system was 
carried out on a substrate. 

[Claim 10] The nitride system semi-conductor light emitting device according to claim 9 characterized by 
dotting said adjacent layer with the hole-like field. 

[Claim 11] It is the nitride system semi-conductor light emitting device according to claim 9 which said barrier 
layer has multiplex quantum well structure, and this barrier layer is dotted with the island-shape field where 
the concentration of one element which constitutes this barrier layer is higher than the circumference, and is 
characterized by this island-shape field being the same compared with the band gap of the ingredient of the 
field surrounding this field, or having a small band gap with the difference of less than 10 meVs. 
[Claim 12] It is the nitride system semi-conductor light emitting device according to claim 9 characterized by 
for said barrier layer making multiplex quantum well structure, and the part at least consisting of InGaN. 
[Claim 13] The nitride system semi-conductor light emitting device characterized by being dotted with the 
hole-like field at said adjacent layer in the nitride system semi-conductor light emitting device containing the 
adjacent layer which adjoins a barrier layer and this on a substrate to which the laminating of the mixed- 
crystal layer which consists of an III— V group compound semiconductor of 3 yuan or more which has the 
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crystal structure of hexagonal system was carried out. 

[Claim 14] In the manufacture approach of the nitride system semi-conductor light emitting device which 
carried out laminating formation of the mixed-crystal layer which consists of an III— V group compound 
semiconductor containing the multiplex quantum well adjacent layer which adjoins on a substrate at a barrier 
layer and this of 3 yuan or more which has the crystal structure of hexagonal system While said multiplex 
quantum well adjacent layer carries out predetermined time supply of the material gas for growth of a well 
layer, and the material gas for growth of a barrier layer by turns and grows up a well layer and a barrier layer 
by turns The manufacture approach of the nitride system semi-conductor light emitting device characterized 
by establishing a predetermined standby time between growth of said well layer, and growth of said barrier 
layer. 

[Claim 15] It is the manufacture approach of the nitride system semi-conductor light emitting device according 
to claim 14 which the material gas for growth of said well layer is trimethylindium. trimethylgallium, and 
ammonia gas, and is characterized by the material gas for growth of said barrier layer being trimethylgallium 
and ammonia gas. 

[Claim 16] The nitride system semi-conductor light emitting device which carried out laminating formation of 
the mixed-crystal layer which consists of an III— V group compound semiconductor containing the multiplex 
quantum well adjacent layer which adjoins on a substrate at a barrier layer and this of 3 yuan or more which 
has the crystal structure of hexagonal system is faced manufacturing with the vapor growth using an organic 
metal. Trimethylindium, trimethylgallium, and ammonia gas are used as material gas of said vapor growth. Make 
growth temperature into 700 degrees C or more 850 degrees C or less, and total of all material gas and carrier 
gas flow rates is made into 101. or more 501. or less in 1 minute by standard conversion. The manufacture 
approach of the nitride system semi-conductor light emitting device characterized by furthermore carrying out 
epitaxial growth of said barrier layer for the molar flow rate ratio of V group element and an III group element 
or less [ 1000 or more ] by 15000. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the light emitting device which used the compound 
semiconductor of nitride systems, such as GaN, AIGaN, and InGaN, and its manufacture approach. 
[0002] 

[Description of the Prior Art] About the nitride system compound semiconductor, the hexagonal mold crystal 
which grows on substrates, such as sapphire, SiC, and a spinel, is considered as the now best crystal. 
However, since a sapphire substrate and a spinel substrate have low conductivity, the electrode forms p mold 
and n mold in a nitride semi-conductor front face. Since there are few currents which the so-called leakage 
current to which many currents flow produces a front face in high current impregnation like semiconductor 
laser, and contribute to luminescence, luminous efficiency is low and the dependability of semiconductor laser 
is low. Furthermore, it is difficult to form the current constriction structure for raising current density required 
in order to prevent leakage current or to carry out low current actuation of the semiconductor laser. For this 
reason, conventionally, also in high current impregnation, there is no leakage current at the low operating 
current, and reliable semiconductor laser structure is not acquired. 

[0003] Moreover, although the noise by the change on the strength under oscillation poses a problem and for 
example, self-oscillation mold structure is used as this cure, it is difficult for the semiconductor laser as an 
optical head for read-out of the conventional optical disk record to obtain self-oscillation with super-thin film 
barrier layer structure. For this reason, two kinds, although the approach using the RF superimposing method 
or the laser itself etc. is ******(ed), all of structure are complicated. Moreover, although how to change the 
thickness of a barrier layer by the location and form two kinds of laser is also reported, by this approach, there 
is a problem that control of the thickness of a barrier layer is very difficult Moreover, although it is common to 
use two kinds of laser with which outputs differ with the head which performs read-out and writing, all of the 
structure are complicated. 
[0004] 

[Problem(s) to be Solved by the Invention] Thus, it was difficult to create cheaply easily the semiconductor 
laser which filled the engine performance usable as a read-out side light head of optical disk record with the 
conventional nitride system semiconductor laser. 

[0005] Therefore, the purpose of this invention is to offer the nitride system semi-conductor light emitting 
device which can perform self-oscillation with easy structure, and its manufacture approach in consideration 
of the above-mentioned situation. 
[0006] 

[Means for Solving the Problem] In the nitride system semi-conductor light emitting device by which laminating 
formation of the mixed-crystal layer which consists of an III— V group compound semiconductor of 3 yuan or 
more with which this application the 1st invention contains the adjacent layer which adjoins on a substrate at 
a barrier layer and this, and which has the crystal structure of hexagonal system was carried out Said adjacent 
layer is dotted with the island-shape field where the concentration of one element which constitutes this 
adjacent layer is higher than the circumference. The concentration of said one element of this island-shape 
field Change of a presentation in a direction perpendicular to C shaft of the crystal of said hexagonal system 
differs 10% or more within 2nm. Moreover, the overall diameter of said island-shape field is 100nm or less, and 
the high impurity concentration of said island-shape field is the nitride system semi-conductor light emitting 
device which has a low thing compared with the high impurity concentration of a periphery. 
[0007] This application the 2nd invention is a nitride system semi-conductor light emitting device given in said 
1st invention which has being embedded with the semi-conductor with which said barrier layer is dotted with a 
hole-like field, and this hole-like field forms said adjacent layer. 

[0008] This application the 3rd invention is a nitride system semi— conductor light emitting device given in said 
1st invention which has that said adjacent layer is dotted with the hole-like field. Said one element with which 
said adjacent layer has multiplex quantum well structure, and this application the 4th invention forms said 
island-shape field is a nitride system semi-conductor light emitting device given in said 1st invention which 
has that it is at least one of an indium, aluminum, or galliums. 

[0009] It is dotted with the island-shape field where the concentration of one element which, as for said 
barrier layer, this application the 5th invention has multiplex quantum well structure, and constitutes this 
barrier layer in this barrier layer is higher than the circumference, and this island-shape field is the same 
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compared with the band gap of the ingredient of the field surrounding this field, or it is a nitride system semi- 
conductor light emitting device given in said 1 st invention in which it has a small band gap with the difference 
of less than 10 meVs. 

[0010] This application the 6th invention is a nitride system semi-conductor light emitting device given in said 
the 1st thru/or 6th invention in which said impurity has that it is one of Si, C, germanium, Sn, and the Pb(s) at 
least. 

[0011] This application the 7th invention is a nitride system semi-conductor light emitting device given in said 
5th invention which has filling lambdam=2nd (m- 1, 2, 3, 4), when luminescence wavelength of n and said 
island-shape field is set [ spacing between said island-shape fields ] to lambda for the refractive index of d 
and its periphery. 

[0012] This application the 8th invention is a nitride system semi-conductor light emitting device given in said 
invention of the 5th thru/or 7 which has said barrier layer being dotted with a hole-like field, and it being 
embedded with the semi-conductor with which this hole-like field forms said adjacent layer, and being 
embedded with the semi-conductor which said adjacent layer is dotted with a hole-like field, and this hole-like 
field adjoins said adjacent layer, and forms the layer which is not a barrier layer side. 

[0013] This application the 9th invention is a nitride system semi-conductor light emitting device which has 
being embedded with the semi-conductor with which said barrier layer is dotted with a hole-like field, and this 
hole-like field forms said adjacent layer in the nitride system semi-conductor light emitting device to which 
the laminating of the mixed-crystal layer which consists of an III— V group compound semiconductor containing 
the adjacent layer which adjoins a barrier layer and this of 3 yuan or more which has the crystal structure of 
hexagonal system was carried out on a substrate. 

[0014] This application the 10th invention is a nitride system semi-conductor light emitting device given in said 
9th invention which has that said adjacent layer is dotted with the hole-like field. It is dotted with the island- 
shape field where the concentration of one element which, as for said barrier layer, this application the 1 1th 
invention has multiplex quantum well structure, and constitutes this barrier layer in this barrier layer is higher 
than the circumference, and this island-shape field is the same compared with the band gap of the ingredient 
of the field surrounding this field, or it is a nitride system semi-conductor light emitting device given in said 
9th invention in which it has a small band gap with the difference of less than 10 meVs. 

[0015] It is a nitride system semi-conductor light emitting device given in the 9th invention which has that, as 
for said barrier layer, this application the 12th invention is making multiplex quantum well structure, and the 
part at least consists of InGaN. 

[0016] This application the 13th invention is a nitride system semi-conductor light emitting device which has 
being dotted with the hole-like field at said adjacent layer in the nitride system semi-conductor light emitting 
device to which the laminating of the mixed-crystal layer which consists of an III— V group compound 
semiconductor containing the adjacent layer which adjoins a barrier layer and this of 3 yuan or more which has 
the crystal structure of hexagonal system was carried out on a substrate. 

[0017] This application the 14th invention contains the multiplex quantum well adjacent layer which adjoins on 
a substrate at a barrier layer and this. In the manufacture approach of the nitride system semi-conductor light 
emitting device which carried out laminating formation of the mixed-crystal layer which consists of an III-V 
group compound semiconductor of 3 yuan or more which has the crystal structure of hexagonal system said 
multiplex quantum well adjacent layer While carrying out predetermined time supply of the material gas for 
growth of a well layer, and the material gas for growth of a barrier layer by turns and growing up a well layer 
and a barrier layer by turns, it is the manufacture approach of a nitride system semi-conductor light emitting 
device of having establishing a predetermined standby time between growth of said well layer, and growth of 
said barrier layer. 

[0018] The material gas for growth of said well layer of this application the 15th invention is trimethylindium, 
trimethylgallium, and ammonia gas, and the material gas for growth of said barrier layer is the manufacture 
approach of a nitride system semi-conductor light emitting device given in the 14th invention which has that 
they are trimethylgallium and ammonia gas. 

[0019] This application the 16th invention contains the multiplex quantum well adjacent layer which adjoins on 
a substrate at a barrier layer and this. The nitride system semi-conductor light emitting device which carried 
out laminating formation of the mixed-crystal layer which consists of an III-V group compound semiconductor 
of 3 yuan or more which has the crystal structure of hexagonal system is faced manufacturing with the vapor 
growth using an organic metal. As material gas of said vapor growth Trimethylindium, trimethylgallium, and 
ammonia gas are used. Make growth temperature into 700 degrees C or more 850 degrees C or less, and total 
of all material gas and carrier gas flow rates is made into 101. or more 501. or less in 1 minute by standard 
conversion. It is the manufacture approach of a nitride system semi-conductor light emitting device of being 
15000 or less [ 1000 or more ] about the molar flow rate ratio of V group element and an III group element, 
and furthermore having carrying out epitaxial growth of said barrier layer. 

[0020] If it summarizes, it is made for this invention to produce self-oscillation by making into a saturable 
absorption field the adjacent layer which adjoins the barrier layer or barrier layer of a nitride semi-conductor 
light emitting device. 

[0021] Therefore, according to this invention, it can do [ generating self-oscillation without using complicated 
structure, or ], and the semiconductor laser for read-out of the optical disk record with the property of a low 
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noise can be formed. Moreover, the object for writing can be read, it can produce with the same structure as 

business, and the structure of the head both for write-in read-out can be simplified. 

[0022] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained to a detail using a 
drawing. Drawing 1 is a sectional view explaining the outline configuration of the nitride system semiconductor 
laser concerning the 1st operation gestalt of this invention. All over this drawing, 100 are a sapphire substrate 
and 101 is an n mold GaN buffer layer (Si doping). It is three to 5x1018cm - 3 or 0.1 micrometers, and 102 is 
an n mold GaN contact layer (Si doping). Three to 5x1 01 8cm - 3 or 4 micrometers and 103 are an n mold 
AIGaN cladding layer (an Si dope). 5x1 01 7cm - 3 or 0.3 micrometers and 104 are an n mold In0.1 Ga0.9 N/GaN 
multiplex quantum well (multiple quantum well) adjacent layer (Si doping). 5x1 01 7cm - 3 and well width of face 
of 2nm, obstruction width of face of 4nm, three pairs, 105 is In0.3 Ga0.7 N / GaN multiplex quantum well 
barrier layer (undoping). Well width of face of 2nm, obstruction width of face of 4nm, and 3 and 106 pairs A p 
mold GaN adjacent layer (Mg dope, 5x1 01 7cm - 3 or 0.1 micrometers), 107 A p mold AIGaN cladding layer (Mg 
dope, 5x1 01 7cm - 3 or 0.3 micrometers), For 108, as for an n mold GaN energization barrier layer (Si dope, 
1x1 01 8cm - 3 or 0.3 micrometers) and 1 10, a p mold GaN contact layer (Mg dope, one to 3x1 01 8cm - 3 or 0.5 
micrometers) and 109 are [ p lateral electrode and 111 ] n lateral electrodes. 

[0023] The manufacture approach of semiconductor laser shown in drawing 1 is as follows, the vapor growth 
(Metal Organic Chemical Vapour DepositiomMOCVD) using the introduction organic metal — by law, it grows 
up on silicon on sapphire 100 from the n mold GaN buffer layer 101 to the n mold GaN layer 109. Then, a mask 
is formed with photolithography in part on the n mold GaN layer 109, and it etches until the p mold AIGaN 
cladding layer 107 is exposed. Next, the p mold GaN contact layer 108 is grown up. In order to form the n mold 
GaN contact layer 102 after that, the part which forms the n mold GaN contact layer 102 is covered with a 
mask, and etching removal is carried out. A mask is removed, the n lateral electrode 1 1 1 and the p lateral 
electrode 110 are formed, and the nitride system semiconductor laser of the structure of drawing 1 can be 
manufactured. 

[0024] Here, said n mold In0.1 Ga0.9 N/GaN multiplex quantum well adjacent layer 104 (Si dope, well width of 
face of 2nm, obstruction width of face of 4nm, three pairs) is grown up as follows. Growth temperature grows 
for 8 seconds under the conditions from which the growth rate of 1 micrometer/h is obtained by growth of 760 
degrees C and an In0.1 Ga0.9 N layer by the usual thick-film growth using TMI (trimethylindium), TMG 
(trimethylgallium), ammonia gas, and a silane. A well layer with a width of face of 2nm is formed of this. 
Subsequently, the standby time for 1 second is set and it is made to grow up for 18 seconds under the 
conditions of the same growth rate using TMG (trimethylgallium), ammonia gas, and a silane. A barrier layer 
with a width of face of 4nm is formed of this. The same process was repeated 3 times below and 3-set 
laminating formation of the pair of a well (well) layer and an obstruction (barrier) layer was carried out. 
[0025] Thus, in the grown-up multiplex quantum well adjacent layer 104, it became clear in the field inboard of 
a layer that many parts were locally formed for In presentation. Drawing 2 is a mimetic diagram showing the 
field internal division cloth of the luminescence wavelength of the well layer of the multiplex quantum well 
adjacent layer 104 by the cathode luminescence method. That is, in the field shown on the hatch way all over 
this drawing, long luminescence of wavelength was observed rather than the perimeter. Generally, the 
wavelength of luminescence obtained by the cathode luminescence method changes depending on the 
presentation of a target. Here, the luminescence wavelength becomes long, so that there are many contents of 
an indium. Namely, as for the multiplex quantum well adjacent layer 104, it turned out that the field where the 
presentation of an indium is high exists in island shape in the field. As a result of investigating the distribution 
condition and luminescence wavelength in a detail, it turned out for the diameter of about 2nm that many 
island-shape fields of about 30% of indium presentations are formed at each well layer of the multiplex 
quantum well adjacent layer 104. Compared with the circumference, as for this island-shape field, it has the 
band gap there is much In and almost same as the band gap corresponding to the luminescence wavelength 
from a barrier layer 105. Moreover, as shown in drawing 3 , in the field where indium concentration is high, 
silicon is hard to be contained, and the carrier concentration of a high part has indium concentration low [ in 
the multiplex quantum well layer 104, as mentioned above, silicon (Si) is doped, but ] as the result. 
[0026] Drawing 4 is the mimetic diagram showing the condition of the conduction band of the pair of the InGaN 
well layer in the multiplex quantum well adjacent layer 104, and a GaN barrier layer. That is, in this drawing, a 
longitudinal direction shows the distance of the thickness direction of an adjacent layer 104, and the 
lengthwise direction shows the energy level. As shown in this drawing, a donor exists in a GaN barrier layer at 
high concentration, and the energy band is curving greatly, thus, the thing which an energy band curves — the 
carrier to the InGaN well layer in this part — shutting up — to an electron with a small effective mass, it 
becomes weak, and luminescence is not produced. Moreover, although absorption in the part with many In 
presentations in this adjacent layer 104 arises when a barrier layer 105 emits light, that absorption takes place 
in a very small island-shape field. Therefore, an adjacent layer 104 will be in a saturable absorption condition, 
and will be in a self-oscillation condition. Even if such self^oscillation conditions were the conditions of high 
power, they were maintained. Moreover, when the impurity contained in this adjacent layer 104 was used as 
the silicon (Si) which is n mold impurity, carbon (C), germanium (germanium), tin (Sn), or lead (Pb), there were 
no bad influences, such as a threshold rise. 

[0027] Room temperature continuous oscillation of the laser of this operation gestalt was carried out with the 
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threshold of 20mA. Oscillation wavelength was 420nm and operating voltage was 3.8V. S/N improved with 
130dB at 50mW o*clock compared with 20dB of the conventional semiconductor laser which does not use this 
structure. Moreover, by the sell^oscillation mold laser of the thick barrier layer which prepared the saturable 
absorption layer near [ conventional ] the barrier layer, although high power was difficult, it was able to take 
out the output with the transverse mode stabilized to 200mW in this operation gestalt. 
[0028] Next, this invention person manufactured much nitride system laser of this invention in which the 
island-shape absorption field was formed by the manufacture approach mentioned above, and investigated the 
rate which self-oscillation produces. Drawing 5 is the graph which showed the rate of the nitride system semi- 
conductor light emitting device which produced self-oscillation, when an optical output is changed and is made 
to emit light about the manufactured nitride system semiconductor laser. In this drawing, an axis of abscissa 
shows an optical output and an axis of ordinate shows the rate of a nitride system semi-conductor light 
emitting device of having caused self-oscillation. The black dot in drawing expresses the nitride system semi- 
conductor light emitting device of this invention. Moreover, the white round head in drawing is an example of a 
comparison, and shows the nitride system semi-conductor light emitting device in which the layer-like 
absorption field was formed, instead of the island-shape absorption field. When explained in more detail about 
this example of a comparison, the In0.25Ga0.75N absorption layer of 10nm of thickness was prepared in the 
outside of a guide layer, in view of the barrier layer. 

[0029] The rate which produces self-oscillation in the example of a comparison which prepared the layer-like 
absorption field from drawing 4 is low, and the nitride system semi-conductor light emitting device of this 
invention in which the island-shape absorption field was formed to moreover not being stable covers high 
power from low-power output, and the probability for the nitride system semi-conductor light emitting device 
which produces self-oscillation to be obtained is stabilized, and it turns out that it is high. 
[0030] Drawing.6 is a mimetic diagram explaining the condition of having applied the semiconductor laser by 
this invention to data read-out of an optical disk. That is, in this drawing, a laser beam 150 is emitted from the 
semiconductor laser component which is not illustrated, it converges with a lens 152, and incidence is carried 
out to an optical disk 160. A truck 162 is formed on a concentric circle and the pit 164 is formed in the front 
face of an optical disk 160 along the truck 162. The laser beam which converged with the lens 152 is detected 
in the light sensing portion which a reflection factor changes and is not illustrated according to the existence 
of this pit 164. Here, when the laser beam whose wavelength obtained from the nitride system semiconductor 
laser by this invention is 420nm is used, as shown in this drawing, it can converge with a lens and narrow beam 
154A can be obtained extremely. The conventional laser beam 154B of a DVD system (wavelength: lambda= 
650nm, area-rat io-of-orif ice: NA=0.6) and laser beam 154C of a compact disc system (wavelength: lambda= 
780nm, area-ratio-of-orifice:NA=0.45) were shown in this drawing for the comparison. When the nitride system 
semiconductor laser of this invention is used so that clearly from these comparisons, the laser beam which 
converged extremely can be obtained and spacing of the truck 162 in an optical disk 160 and spacing of a pit 
164 can be reduced, respectively. Even if it compares with the conventional DVD system as the result, storage 
capacity can be increased about 3 times. 

[0031] Furthermore, according to the nitride system semiconductor laser of this invention, read-out and the 
writing from an optical recording medium are attained by the same nitride system semiconductor laser. That is, 
since self-oscillation is produced easily, the semiconductor laser of this invention is stabilized in a low noise, 
can perform data read-out, and since high power actuation is still more possible, it can also perform data 
write-in actuation. As the result, the structure of a pickup head where read-out and the writing of data can be 
made to serve a double purpose can be simplified by leaps and bounds. 

[0032] In addition, in the example mentioned above, although the multiplex quantum well adjacent layer 104 
used the thing of the well layer of three pairs, and a barrier layer, it can determine the number of pairs suitably 
with the thickness of a layer, and the presentation of In. Moreover, the ingredient which was not limited to 
GaN but contained In, aluminum, etc. is sufficient as a barrier layer. 

[0033] Next, the 2nd operation gestalt of this invention is explained. Drawing 7 is a sectional view explaining 
the outline configuration of the nitride system semiconductor laser concerning the 2nd operation gestalt of 
this invention. Setting to this drawing, 200 is a p moid SiC substrate and 201 is a p mold AIN buffer layer (a Mg 
dope). Three to 5x1 020cm - 3 or 0.1 micrometers and 202 are a p mold GaN layer (a Mg dope). 1x1 01 9cm - 3 
or 4 micrometers and 203 are a p moid aluminum0.3 Ga0.7 N cladding layer (Mg doping). 5x101 7cm - 3 or 0.3 
micrometers and 204 are an aluminumO.1 Ga0.9 N adjacent layer (undoping). 0.1 micrometers and 205 are 
multiplex quantum well barrier layer In0.1 Ga0.9 N/aluminum0.1 Ga0.9 N (undoping). Well width of face of 1nm, 
obstruction width of face of 2nm, and 3 and 206 pairs are an aluminumO.1 Ga0.9 N adjacent layer (undoping). 
0.1 micrometer and 207 are an n mold aluminum0.3 Ga0.7 N cladding layer (an Si dope). For 5x1 01 7cm - 3 or 
0.3 micrometers and 208, as for an n mold GaN contact layer (Si DO 1 PU, one to 3x1 01 9cm - 3 or 0.1 
micrometers), and 210, a p mold GaN current constriction layer (Mg dope, 5x101 7cm - 3 or 0.1 micrometers) 
and 209 are [ n lateral electrode and 21 1 ] p lateral electrodes. 

[0034] The manufacture approach of this nitride system semiconductor laser is as follows. It grows up to the p 
mold GaN current constriction layer 208 by the introduction MOCVD method, and is after that. A mask (not 
shown) is formed with photolithography in part on the p mold GaN current constriction layer 208, and it etches 
until the n mold aluminum0.3 Ga0.7 N cladding layer 207 is exposed. Next, the p mold GaN contact layer 209 is 
grown up. An eiectrode is formed in both sides and the end face (facet) of a resonator is formed by cleavage 
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after that. 

[0035] In this operation gestalt, it manufactures according to the same process as the multiplex quantum well 
adjacent layer 104 of an operation gestalt which also mentioned above the In0.1 Ga0.9 N/aluminum0.1 Ga0.9 N 
multiplex quantum well barrier layer 205. TMA (trimethylaluminum), TMG, and ammonia gas are used for growth 
of an AIGaN layer at growth of InGaN using TMG, TMI, and ammonia gas, and, specifically, it is V/HI of the 
growth temperature of 860 degrees C, and a raw material. A ratio makes 1 second growth downtime in about 
170 each class, and makes it grow up repeatedly 3 times. Consequently, a multiplex quantum well layer with 
2nm of well thickness, 4nm of obstruction thickness, and three ** A can be formed. 

[0036] Of such a process, many fields are locally formed also in a part for the well layer of the multiplex 
quantum well barrier layer 205 for an indium (In) presentation. In each well layer, the island-shape field of the 
diameter of 2nm and about 20% of In presentations is distributed in a field, and, specifically, a large number 
formation is carried out. Compared with the circumference, according to there being much In, a lattice 
constant shifts and this field requires distortion. As the result although there are many contents of In, a band 
gap has only a surrounding field and the difference among 10 or less meVs. If a current is poured into this 
semiconductor laser, since [ with little Si of a dopant ] conductivity is low, in this island-shape field where In 
presentation is high, luminescence will be performed efficiently. 

[0037] Drawing 8 j s a mimetic diagram showing the result of having observed this barrier layer 205 with the 
transmission electron microscope (transmissionelectron microscope). That is, in the barrier layer 205, the 
island-shape field which serves as high concentration from the circumference is regular to field inboard, and In 
concentration is located in a line. The diameter of this indium high concentration presentation field was 70nm 
in general, and that spacing was 200nm in general. Moreover, it became clear [ that spacing of this island- 
shape field is controllable, or ] by changing growth conditions as a result of the experiment of this invention 
person. 

[0038] When the refractive index of the periphery of d and this island-shape field was set to n, and the 
luminescence wavelength of a high concentration field was lambda, most, the case of m/2n of d=lambda (m= 1 , 
2, 3, 4) was able to be stabilized in self-oscillation, and was able to produce spacing between this island-shape 
field. In addition, when m exceeded 4, the stability of self-oscillation fell. This is considered to be because for 
a large number oscillation mode to usually be chosen. 

[0039] Even if it did not use complicated structure like a distributed feedback laser, while being able to 
perform self-oscillation according to this operation gestalt, it turned out that mode hopping can be controlled 
and low noise-ization can be realized. 

[0040] Drawing 9 is a graph showing the optimal growth conditions in each with a luminescence wavelength of 
400-430nm. That is, the axis of abscissa of this drawing is growth temperature (degree C), and an axis of 
ordinate shows the content rate (%) of In, and indicates the optimum conditions of growth temperature to be 
the content rate of In in a solid phase in each luminescence wavelength. 

[0041] There are few donors in the island-shape indium high concentration field formed in a barrier layer. 
Therefore, an island-shape field has high luminous efficiency, and promotes the stable existence of an exciton 
molecule with high luminous efficiency (dipole) by the still more nearly quantum locked-in effect. It is possible 
to form sufficient inverted population to carry out laser oscillation by this, although the island-shape field of 
quantity In concentration is minute in volume. On the other hand, in the surrounding low In field of the field of 
high concentration [ In ], although it is larger than an island-shape field, since a donor exists, a band gap works 
as a saturable absorption layer by absorption by the level, and will be in a sel^oscillation condition. Even if it 
was this condition at the high power time, it was maintained. 

[0042] About the impurity doped to a barrier layer, it rises [ a threshold ] except Si, C, germanium and Sn 
used as n mold, and Pb and was not practical. On the other hand, in the case of Si, high luminous efficiency 
was acquired especially. 

[0043] In the semiconductor laser of this structure, 375nm was obtained, and carried out the basic 
transverse-mode oscillation at the threshold of 10mA, and oscillation wavelength also checked the operational 
stability by 5000 hours. With this operation gestalt, although SiC was used as a substrate, the current potential 
property which was further excellent in the case of the ZnO substrate was acquired that what is necessary is 
just a conductive substrate. Moreover, the current constriction layer 208 may be formed in a substrate 200 
side to a barrier layer 205, and may be prepared in the both sides of a barrier layer 205. Moreover, compared 
with a contact layer, an ingredient with a high refractive index is sufficient as the ingredient of a current 
constriction layer. 

[0044] Next, the 3rd operation gestalt of this invention is explained. Drawing 10 is the sectional view of nitride 
system semiconductor laser showing the 3rd operation gestalt of this invention. In this drawing, 300 is a 
sapphire substrate and 301 is a GaN buffer layer (0.01 micrometers). 302 A p mold GaN contact layer (Mg 
dope, three to 5x1 01 8cm - 3 or 1 micrometer), 303 is a p mold aluminum0.2 Ga0.8 N cladding layer (a Mg 
dope). 5x101 7cm - 3 or 0.3 micrometers and 304 are a p mold GaN adjacent layer (a Mg dope). 5x1 01 7cm - 3 
or 0.1 micrometers and 305 are In0.3 Ga0.7 N / GaN multiplex quantum well barrier layer (undoping). Well width 
of face of 2nm, obstruction width of face of 4nm, and 3 and 306 pairs are an n mold GaN adjacent layer (an Si 
dope). 5x101 7cm - 3 or 0.1 micrometers and 307 are an n mold aluminum0.2 Ga0.8 N cladding layer (an Si 
dope). For 5x1 01 7cm - 3 or 0.3 micrometers and 308, as for an n mold GaN contact layer (Si dope, one to 
3x1 01 8cm - 3 or 0.5 micrometers), and 310, a p mold GaN energization barrier layer (Mg dope, 1x1 01 8cm - 3 
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or 0.3 micrometers) and 309 are [ n lateral electrode and 31 1 ] p lateral electrodes. 

[0045] The outline of the manufacture approach is described below. Crystal growth was performed by the 
MOCVD method, introduction and the sapphire substrate 300 — MOCVD — although the GaN buffer layer 
301 was grown up by law, the sapphire substrate 300 used the thing containing the slit-like break 320, as 
shown in drawin g 1 1 (a) and (b). Here, opening of a break 320 can set spacing of abbreviation 
250micrometerx30micrometer and breaks to about 250 micrometers. 

[0046] In this operation gestalt, the GaN buffer layer 301 is first grown up on the conditions to which a lateral 
growth rate becomes quick on the sapphire substrate 300. That is, migration of the GaN atom on the front 
face of a substrate increases by making growth temperature high enough to the speed of supply of GaN at the 
time of crystal growth. By growing up the buffer layer 301 on such conditions, the part of the break 320 of the 
sapphire substrate 300 will be in the condition of being closed by the GaN buffer layer 301. 
[0047] Then, it grows up one by one in the state of the usual growth from the p mold GaN contact layer 302 
to the p mold GaN energization barrier layer 308. After growing up to the p mold GaN energization barrier layer 
308, a mask (not shown) is partially formed on the p mold GaN energization barrier layer 308 by the 
photolithography. It etches until the n mold aluminum0.2 Ga0.8 N cladding layer 307 is exposed. Next, a mask is 
removed and the n mold GaN contact layer 309 is grown up. On the contact layer 309, nickel and Au are 
vapor-deposited and the n lateral electrode 310 is formed. Moreover, etching removes the GaN buffer layer 
301 from a substrate 300 inferior-surface-of-tongue side, the sequential vacuum evaporationo of Pt, Ti, and 
the Au is carried out, and the p lateral electrode 31 1 is formed. In order to make this into a laser component, 
an end face (not shown) is formed by cleavage, dicing separates a semi-conductor light emitting device, and 
the semiconductor laser of drawing 10 is obtained. Although not illustrated to an end face, the high reflective 
coat by dielectric multilayers is given. 

[0048] Next, the concrete growth conditions of the above-mentioned In0.2 Ga0.8 N/GaN multiplex quantum 
well barrier layer 305 in this operation gestalt are explained. Growth temperature is 740 degrees C and, as for 
a GaN layer, an InGaN layer uses TMG and ammonia gas using TMG, TMI, and ammonia gas. A GaN barrier 
layer stops TMI for 7 seconds on the growth conditions from which, as for an InGaN well layer, 1 micrometer/h 
is obtained for a growth rate by thick-film growth of In0.2 Ga0.8 N, and growth for 20 seconds is performed. 
Moreover, the standby time for 1.5 seconds is established between growth of an InGaN well layer and a GaN 
barrier layer, although a thick film differs in a growth rate from a thin film like a quantum well even when 
growth conditions are the same, this is because growth rates differ in the initial process of growth. By 
performing such growth, many parts are locally formed for In presentation at a part for a well layer in In0.2 
Ga0.8 N / GaN multiplex quantum well barrier layer 305. Specifically, a large number are formed in each well 
layer in the field of the diameter of 2nm, and about 30% of In presentations. This field requires distortion 
according to there being much In compared with the circumference, and thereby, although there is much In, a 
band gap has only a surrounding field and the difference among 10 or less meVs. When current impregnation is 
performed to this nitride system semiconductor laser, in this field where In presentation is high, there is little 
Si of a dopant, conductivity is low, and carrier injection is mainly performed around it. 
[0049] Drawing 12 js a m j me tj c diagram showing the result of observation by the transmission electron 
microscope of a barrier layer 305. That is, as a result of observing a lattice image with an electron microscope, 
in the barrier layer 305, being dotted with the island-shape field of a several nm diameter was observed. As a 
result of investigating the presentation of this island-shape field using a characteristic-X-ray analysis-of-a- 
spectrum method, it was checked that In concentration is higher than a perimeter. Furthermore, as a result of 
observing by the cathodoluminescence method, the point regularly located in a line corresponding to this 
island-shape field emitting light has been observed. 

[0050] It is thought that the cause that such an island— shape field is formed is because island-shape growth 
takes place in order to grow up InGaN which does not carry out lattice matching to GaN on GaN. Here, this 
invention person investigated about the relation between the diameter of the island-shape field formed on 
various growth conditions, and the external quantum efficiency of semiconductor laser. 
[0051] Drawing 13 is a graph showing the relation between island-shape area size and external quantum 
efficiency. That is, in this drawing, an axis of ordinate expresses external quantum efficiency, and an axis of 
abscissa expresses the pitch diameter of an island-shape field. The inclination which external quantum 
efficiency increases was acquired, so that the diameter of an island-shape field became small, as shown in this 
drawing. In order to acquire high external quantum efficiency especially, as for the diameter of an island-shape 
field, it is desirable that it is 100nm or less. When the path of an island-shape field became large more than 
this, it turned out that luminous efficiency falls remarkably as shown in drawing 13 . 
[0052] Next, as a result of this invention person's investigating two-dimensional distribution of the 
concentration of the indium of an island-shape field and its periphery in a detail, in order for an island-shape 
field 100nm or less to exist [ a diameter ], in the edge of an island-shape field, it turned out that indium 
concentration needs to change at 10% or more of a rate every 2nm. That is, in the edge of an island-shape 
field, when there was an increment in the steep indium concentration beyond this, it turned out that an island- 
shape field with a diameter of 100nm or less may exist. 

[0053] Since the high In presentation section in a barrier layer has few donors, the part with high In 
presentation has good luminous efficiency. Moreover, the stable existence of an exciton molecule with 
sufficient luminous efficiency is urged by the quantum locked-in effect. Thereby, although the island-shape 
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high In field is minute in volume, it can form sufficient inverted population to oscillate. And although a band gap 
is larger than an island-shape high concentration field, since a donor exists, it works as a saturable absorption 
layer by absorption by the level, and the surrounding low In field of an island-shape high concentration field will 
be in a self-oscillation condition. Even if it was this condition at the high power time, it was maintained. 
[0054] It rises [ except Si, C, germanium and Sn used as n mold, and Pb / a threshold ] as an impurity doped 
to a barrier layer and was not practical. Since the GaN buffer layer 301 grown up into the longitudinal direction 
is formed in the bottom of a barrier layer with this operation gestalt, it is extremely few in a rearrangement or 
a defect. As the result, leakage current is controlled and destruction of a semi-conductor light emitting device 
could not take place easily, either. 

[0055] Moreover, room temperature continuous oscillation of the semiconductor laser of this operation gestalt 
was carried out with the threshold of 20mA, oscillation wavelength was 420nm and operating voltage was 3.8V. 
Moreover, S/N at the time of 50mW actuation improved notably with 130dB compared with 20dB of the 
conventional semiconductor laser which does not use this structure by performing seli^oscillation. Moreover, 
since quantum well structure was adopted as a barrier layer, when 200mW and self-oscillation were not 
maintained by seH^oscillation, it was able to do [ obtaining 300mW high power or ]. Moreover, the life of a 
semi-conductor light emitting device was expected to be 100,000 hours or more from the degradation 
inclination in the LIFE test, and has realized a low noise, high power, and high-reliability. 
[0056] Quartz glass, a diamond, BN, etc. are sufficient in whether the sapphire substrate is used as a 
substrate with this operation gestalt. further — as the growth approach — MBE (MolecularBeam Epitaxy) — if 
law is used, Pyrex glass, ZnO, etc. can be used as a substrate. 

[0057] Next, the 4th operation gestalt of this invention is explained. Fig. 14 is for explaining the outline 
configuration of the nitride system semi-conductor light emitting diode (LED) concerning the 4th operation 
gestalt of this invention. In this drawing a sapphire substrate and 401 400 A GaN buffer layer (three to 
5x1 01 8cm - 3 or 4 micrometers), 402 An n mold GaN contact layer (Si dope, 1x1 01 8cm - 3 or 2 micrometers), 
403 An n mold GaN layer (Si dope, 5x1 01 7cm - 3 or 0.1 micrometers), 404 is In0.3 Ga0.7 N/GaN. 3MQW 
barrier layer (Si dope, 2nm of well layers, 4nm of barrier layers), 405 A p mold GaN layer (Mg dope, 5x1 01 7cm 
- 3 or 0.1 micrometers), For 406, as for p lateral electrode and 41 1, a GaN contact layer (Mg dope 3x1 01 8cm - 
3 or 0.05 micrometers) and 410 are [ n lateral electrode and 412 ] ITO (Indium Tin Oxide) transparent 
electrodes. 

[0058] each semi-conductor layer of this drawing — MOCVD — it grew up by law. At the time of growth of a 
barrier layer 404, growth downtime was prepared for 3 seconds from 1 second after growth of each In0.3 Ga0.7 
N well layer, and In concentration created the high island-shape field. Until it masks the part used as p 
electrode after . growth which performed growth of those other than a barrier layer by the usual growth 
approach and the n mold GaN contact layer 402 is exposed In the part by which . mask which carries out dry 
etching and forms a mesa configuration is removed, and leakage current, such as a side face of a mesa, tends 
to flow, it is Si02. Form a whole surface transparent electrode in the top face of attached . mesa 
configuration, and the p lateral electrode 410 is formed in a part far from the n lateral electrode 41 1 by the 
part [ further ]. The place which the field where In is higher than the surroundings was observed by the 
amount of well layer when the light emitting device was decomposed after . creation made into the semi- 
conductor light emitting device structure in which the n lateral electrode 411 was formed and the barrier layer 
part was observed with the transmission electron microscope, and investigated the field with . which was the 
diameter of about 4nm, and characteristic X ray, . whose optical output of the operating voltage of . 
component, as for this high concentration field, it turned out to be that many In concentration is contained 
about 10% compared with the field where surrounding In concentration is low was 10mW in 10mA 2.7V — 
again . to which . luminous efficiency which was 50mW is also good, and external quantum efficiency reached 
to 30% in 100mA — that it was efficient and luminescence reinforcement has such realized the strong 
component Although the blue chisel is used as the light source with . book operation gestalt which is because 
it recombined without having confined in the high In concentration field the carrier poured into the field where 
In concentration in a barrier layer is high, and carrying out nonluminescent recombination If luminescence 
becomes possible to the wavelength near red light and a filter etc. is used by increasing the quantity of the 
amount of In(s) in a barrier layer, red, green, and blue three primary colors are made, and the full color light 
emitting device of a GaN system can also be realized. 

[0059] Next, the 5th operation gestalt of this invention is explained. DrjiwingJ_5 is for explaining the outline 
configuration of the nitride system semi-conductor light emitting device concerning the 5th operation gestalt 
of this invention. It sets to the light emitting device shown in this drawing, and they are the buffer layer 501 
and an n mold GaN contact layer (an Si dope) on silicon on sapphire 500. 3-5x1 01 8cm-3, 4micrometer502, an 
n mold AIGaN cladding layer (an Si dope) 5x1017cm-3, 0.3micrometer503, the non dope GaN adjacent layer 
(0.1 micrometer) 504, the InGaN multiplex quantum well (MQW) barrier layer 505, the non dope GaN adjacent 
layer (0.1 micrometers) 506, a p mold AIGaN cladding layer (a Mg dope) 5x1 01 7cm— 3, 0.3micrometer507, the p 
mold GaN contact layer (Mg dope, 5x1 01 8cm - 3 or 0.5 micrometers) 508, and Si02 The laminating of the film 
(silicon dioxide) 509 is carried out one by one. Moreover, 510 is p lateral electrode and 511 is n lateral 
electrode. 

[0060] The manufacture approach is as follows. The buffer layer 501 is grown up on a substrate 500 by the 
MOCVD method, and then they are TMG (trimethylgallium) and TMA (trimethylaluminum) at the growth 
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temperature of 1 100 degrees C. The laminating of the n mold GaN contact layer 502, the n mold AIGaN 
cladding layer 503, and the non dope GaN adjacent layer 504 is carried out one by one using ammonia, 
hydrogen, and nitrogen. 

[0061] Next, supply of an HI group's material gas is suspended and substrate temperature is lowered at 760 
degrees C. a part for 10L/and nitrogen are 19.7L/shunted for ten cc a part for /and ammonia at 20 degrees C 
by making hydrogen gas into carrier gas, in addition to this, by making nitrogen into carrier gas, TMI 
(trimethylindium) is changed 20 times every 1.5 [ about ] repeatedly, and is supplied [ TMG is kept at -15 
degree C, ] in 500 cc a part for /and the combination for 15 cc/by 37 degrees C with this temperature, and 
the InGaN multiplex quantum well barrier layer 505 is grown up. 

[0062] Then, growth is stopped by stopping supply of TMG and TMI, and the temperature up of the hydrogen is 
carried out, covering ammonia for 4 minutes to 1 100 degrees C with a sink by the flow rate for 10L/covering 
40 cc a part for /and nitrogen by part for 19.96L/. Subsequently, temperature is held at 1100 degrees C, a 
part for 14.5L/and TMG are carried out for 100 cc/, flow rate supply of the ammonia is carried out 
[ hydrogen ] for 10L/for 500 cc a part for /and nitrogen, and the laminating of the non dope GaN adjacent 
layer 506 is carried out. next — this — Cp2 — Mg (bis(cyclopentadienyl) magnesium) and TMA are added, the 
p mold AIGaN cladding layer 507 is formed, then supply of TMA is stopped, and the laminating of the p mold 
GaN contact layer 508 is carried out. Then, Si02 The nitride system semi-conductor light emitting device 
shown in drawing 15 through the stroke of vacuum evaporation© of deposition of the film 509, photolithography, 
etching, the p lateral electrode 510, and the n lateral electrode 511, an alloy, etc. is completed. 
[0063] In addition, in the above-mentioned process, although the elevated temperature of the growth 
temperature was carried out to 760 degrees C after growing up an adjacent layer 504, as for this temperature, 
it is desirable that it is [ 700 degrees-C or more ] 850 degrees C or less. Below, this reason is explained. 
[0064] this invention person makes total of the flow rate of material gas and carrier gas 30I. per minute first, in 
order to investigate the growth conditions of InGaN, and he is V group element and HI. Flow rate of the gas of 
a group element was set to 8400, and InGaN was grown up at various growth temperature. When 
photoluminescence (Photo Luminescence:PL) estimated this, as shown in Table 1, PL luminescence of 
sufficient reinforcement has been observed in the 700-degree-C or more range of 850 degrees C or less. If 
growth temperature is less than 700 degrees G, growing up will become inadequate and PL luminescence 
reinforcement will not go up. If growth temperature exceeded 850 degrees C, in order that a crystal might 
receive a damage, PL luminescence reinforcement decreased extremely. 
[0065] 
[Table 1] 
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[0066] Next, this invention person fixes growth temperature to 760 degrees C, makes total of the flow rate of 
material gas and carrier gas 30I. per minute, and is V group element and III. The molar flow rate ratio 
dependency of a group element was investigated. Consequently, as shown in Table 2, they are V group 
element and III. PL luminescence of reinforcement with the molar flow rate ratio of a group element sufficient 
by 15000 or less [ 1000 or more ] was seen. V group element and III If the molar flow rate ratio of a group 
element is less than 1000, in order not to fully react, PL luminescence reinforcement does not go up. V group 
element and III If the molar flow rate ratio of a group element exceeds 15000, originally it is III. V group 
element interrupts and reacts also to the crystal lattice to which a group element should react, and it is III. 
Since a group element was not fully able to react, PL luminescence reinforcement decreased extremely. 
[0067] 
[Table 2] 
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[0068] Furthermore, growth temperature is fixed to 760 degrees C, and they are V group element and III. When 
flow rate of a group element was set to 8400 and the dependency over the total flow around for [ of all 
material gas and carrier gas ] 1 minute was investigated, as shown in Table 3, PL luminescence of 
reinforcement with the total flow sufficient by 101. or more and 501. or less around for 1 minute was seen. If 
the total flow around for 1 minute is less than 101., in order not to fully react, PL luminescence reinforcement 
does not go up. If the total flow around for 1 minute exceeded 501., since the rate of flow became early and 
sufficient reaction time was not able to be taken, PL luminescence reinforcement decreased extremely. 
[0069] 
[Table 3] 
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[0070] With this operation gestalt, the InGaN multiplex quantum well barrier layer 505 and the non dope GaN 
adjacent layer 506 have not doped intentionally. According to the experiment of this invention person, when it 
grows up as mentioned above, it turns out that the direction of a GaN layer is high resistance from an InGaN 
layer. Moreover, place which observed the cross section by TEM (transmission electron microscope) although 
it grew up as mentioned above It turned out that a hole-like field (pit) exists in the InGaN multiplex quantum 
well barrier layer 505, this pit is embedded by the non dope GaN adjacent layer 506, and flattening is carried 
out. Therefore, according to the semi-conductor light emitting device of the aforementioned operation gestalt, 
self-oscillation arises by the principle expressed below. 

[0071] That is, since the inside of a barrier layer is made as for distribution to the flowing current and a low 
current consistency field turns into a saturable absorption field when a hole-like field exists in a barrier layer, 
self^oscillation arises. This is explained in full detail below. 

[0072] Drawing 16 is the cross section showing the flow of the inrush current in the light emitting device of 
this operation gestalt. In this drawing, in order to make it intelligible, the structure which simplified the 
structure of the light emitting device shown in drawing 16 is illustrated and explained. As shown in drawing : 1 6 , 
there is a heterojunction of the non dope GaN layer 553 and the non dope InGaN layer 554, and, moreover, 
there is a hole (pit) P in the interface by the side of the non dope InGaN layer 554. The p lateral electrode 551 
and the n lateral electrode 556 are connected to both through p mold contact layer 552 and n mold contact 
layer 555, respectively. 

[0073] Now, supposing it applies an electrical potential difference to two electrodes in the forward direction, 
compared with the non dope InGaN layer 554, the direction of the non dope GaN layer 553 will flow, as the 
arrow head in drawing 16 shows a current, since the band gap is large, and, as for the current density of the 
part under the hole-like field of the InGaN layers 554, will become a non-dense compared with the current 
density of other fields. 

[0074] this invention person performed 2-dimensional simulation, in order to prove this phenomenon, and he 
investigated distribution of a current. The layer structure used for drawing 1 7 in simulation is shown. Layer 
structure imitates laser structure. The n mold GaN contact layer 561 with 5x1 01 8cm - a thickness of 0.1 
micrometers doped by 3, the n mold aluminum0.15Ga0.85N cladding layer 562 with 5x1 01 7cm - a thickness of 
0.3 micrometers doped by 3. the non dope GaN adjacent layer 563 with a thickness of 0.1 micrometers, The 
non dope InO.08GaO.92N barrier layer 564 with a thickness of 0.1 micrometers, the non dope GaN adjacent 
layer 565 with a thickness of 0.1 micrometers, the p mold aluminum0.15Ga0.85N cladding layer 566 with 
5x1 01 7cm - a thickness of 0.3 micrometers doped by 3, It consists of a p mold GaN contact layer 567 with 
5x101 8cm - a thickness of 0.1 micrometers doped by 3. The hole-like field (pit) P with a width of face [ of 0.1 
micrometers ] and a depth of 0.05 micrometers kept spacing which is 1 micrometer in the interface which 
touches the non dope GaN adjacent layer 563 of the non dope In0.08Ga0.92N barrier layer 564, and is located 
in a line with it. In such a rectangle, although there was not necessarily no configuration of an actual pit, it 
performed simulation in such a configuration for facilitation of count. It cannot be overemphasized that the 
difference in a configuration does not do effect essential to a simulation result. 

[0075] Distribution of the current density directly under the hole-like field (pit) when impressing the electrical 
potential difference of 4V to such structure is shown in drawing 18 . Current density is decreasing 30% or 
more in the part of a pit. Thus, it became clear that the roughness and fineness of a current are brought about 
by existence of a hole-like field. And in case such current distribution will arise and laser oscillation arises, an 
oscillation will start in a part with a dense current first, and the part whose current is a non-dense will serve 
as a saturable absorber. In addition, it was a result with the same said of the case where the adjacent layer is 
doped by not a non dope but 5x1017cm-3. Thus, the roughness and fineness of a current will occur in a hole- 
like field existing. And a current serves as a saturable absorber and the part of a non-dense can realize self- 
oscillation. 

[0076] Next, the gestalt of operation of the 6th of this invention is explained. Drawing 1 9 is for explaining the 
outline configuration of the nitride system semi-conductor light emitting diode concerning the 6th operation 
gestalt of this invention. Namely, it sets to the light emitting diode of this drawing. On the sapphire substrate 
600, they are the buffer layer 601 and an n mold GaN cladding layer (an Si dope). 3-5x1 01 8cm-3, 
4micrometer602, the non dope InGaN barrier layer (0.2 micrometers) 603, a p mold GaN cladding layer (a Mg 
dope) The laminating of 5x101 7cm - 3 or 0.3 micrometers of 604 and the p mold GaN contact layers (Mg dope, 
5x1 01 8cm - 3 or 0.5 micrometers) 605 is carried out one by one. Moreover, 610 is p mold transparent 
electrode and 611 is n mold electrode. 

[0077] Thus, creation of the nitride system semi-conductor light emitting diode concerning the 6th operation 
gestalt of this invention forms a hole-like field (pit) in the interface by the side of the p mold GaN cladding 
layer 604 of the non dope InGaN barrier layer 603. Thus, irregularity will arise by a pit being formed. Partial 
603A of a convex is the InGaN layer surrounded by GaN in the perimeter. Thus, an exciton will carry out 
localization of the perimeter to the field surrounded with the large ingredient of a band gap, and luminous 
efficiency increases. That is, light emitting diode with high luminous efficiency can be obtained by doing in this 
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way and using this invention. 

[0078] Next, the gestalt of operation of the 7th of this invention is explained. Drawing 20 is for explaining the 
outline configuration of the nitride system semi-conductor light emitting device concerning the 7th operation 
gestalt of this invention. Setting to this drawing, for silicon on sapphire and 701, a buffer layer and 702 are 
[ 700 ] an n mold GaN contact layer (an Si dope). Three to 5x1 01 8cm - 3 or 4 micrometers and 703 are an n 
mold AIGaN cladding layer (an Si dope). 5x1017cm-3, 0.3 micrometer, and 704 are an n mold In0.1 Ga0.9 
N/In0.02Ga0.98N multiplex quantum well adjacent layer (an Si dope). 5x1 01 7cm - 3 and well width of face of 
2nm, obstruction width of face of 4nm, 20 layers, and 705 are an In0.2 Ga0.8 N/In0.05Ga0.95N multiplex 
quantum well barrier layer (non, a dope). Well width of face of 2nm, obstruction width of face of 4nm, ten 
layers, and 706 are a p mold GaN adjacent layer (a Mg dope). 5x101 7cm - 3 or 0.1 micrometers and 707 are a 
p mold AIGaN cladding layer (a Mg dope). For 5x101 7</SUP>cm -3, 0.3 micrometers, and 708, a p mold GaN 
contact layer (Mg dope, 5x1 01 8cm - 3 or 0.5 micrometers) and 709 are Si02. As for the film and 710, p lateral 
electrode and 711 are n lateral electrodes. 

[0079] The n mold In0.1 Ga0.9 N/In0.02Ga0.98N multiplex quantum well adjacent layer 704 is grown up as 
follows. Growth temperature is 760 degrees C and is TMI, TMG, ammonia, and SiH4 in growth of an In0.1 Ga0.9 
N well layer. It uses and the well layer whose thickness is 2nm is grown up. Next, TMI, TMG, ammonia, and 
SiH4 where only ammonia is supplied for 1 second, after standing by It uses and the InO.02GaO.98N barrier 
layer whose thickness is 4nm is grown up. Next the standby time for 1 second is set again, and a well layer is 
grown up similarly. The n mold In0.1 Ga0.9 N/In0.02Ga0.98N multiplex quantum well adjacent layer 704 can be 
formed by repeating such a process a total of 20 times. 

[0080] moreover — The growth approach of the In0.2 Ga0.8 N/In0.05Ga0.95N multiplex quantum well barrier 
layer 705 is as follows. At the growth temperature of 760 degrees C, 2nm grows In0.2 Ga0.8 N and **** 
InO.05GaO.95N is grown up in the standby time for 1 second. This cycle is repeated a total of 1 0 times. 
[0081] It becomes possible to form the structure where the n mold In0.1 Ga0.9 N/In0.02Ga0.98N multiplex 
quantum well adjacent layer 704 and the In0.2 Ga0.8 N/In0.05Ga0.95N multiplex quantum well barrier layer 705 
have an island-shape field, and have a pit by such growth approach. 

[0082] In the above, the gestalt of operation of this invention was explained, referring to an example. However, 
this invention is not limited to these examples. For example, it may be doped by n mold or p mold although a 
barrier layer is a non dope layer with the 1st to 7th operation gestalt mentioned above. Moreover, even if the 
layer which adjoins this is not doped, it may be doped by n mold and p mold. In addition, in the range which 
does not deviate from the summary, this invention deforms variously and can be carried out. 
[0083] 

[Effect of the Invention] As explained in full detail above, according to the nitride system semiconductor laser 
of this invention, it is obtained by the probability for the nitride system semi-conductor light emitting device 
which produces self-oscillation to be high, without using complicated structure. The semiconductor laser which 
filled the engine performance usable [ with this ] as semiconductor laser for read-out of the optical disk 
record with the property of a low noise can be created easily cheaply, and the usefulness is greatest. 
Furthermore, read-out and the writing from a record medium were attained by the nitride system 
semiconductor laser of the same structure, and the structure of a read-out write-in combination head has 
been simplified by leaps and bounds. On the other hand, according to the nitride system semi-conductor light 
emitting diode of this invention, nitride system light emitting diode with high luminous efficiency was obtained. 

[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1-This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing J] It is the sectional view showing the 1st operation gestalt of the nitride system semi-conductor 
light emitting device of this invention. 

[Drawing 2] It is a mimetic diagram showing the illuminant cloth within a field of the multiplex quantum well 
adjacent layer 104 shown in drawing 1 . 

[Drawing 3] It is the graph which shows the relation between In presentation ratio in the multiplex quantum 
well adjacent layer 104 shown in drawing 1 , and donor concentration. 

[Drawing 4] It is the mimetic diagram showing the band structure in the multiplex quantum well adjacent layer 
104 shown in drawing 1 . 

[Drawing 5] It is the graph which shows the self-oscillation occurrence rate to the optical output of the nitride 
system semi-conductor light emitting device shown in drawing 1 . 

[Drawing 6] It is a mimetic diagram explaining the condition of having applied semiconductor laser to read-out 
of an optical disk. 

[Drawing 7] It is the sectional view showing the 2nd operation gestalt of the nitride system semi-conductor 
light emitting device of this invention. 

[Drawing 81 It is a mimetic diagram showing the result of having observed the barrier layer 205 shown in 
drawing 7 with the transmission electron microscope. 

[Drawing 9] It is the graph which shows the manufacture conditions of the nitride system semi-conductor light 
emitting device shown in drawing 7 . 

[Drawing 10] It is the sectional view showing the 3rd operation gestalt of the nitride system semi-conductor 
light emitting device of this invention. 

[Drawing 1 1] It is the schematic diagram showing the structure of the substrate used for the nitride system 
semi-conductor light emitting device shown in dra wing 10 , and (a) is a top view and (b) is a side elevation. 
[Drawing 121 It is a mimetic diagram showing the result of observation by the transmission electron 
microscope of a barrier layer 305 shown in drawing 10 . 

[DrawngJJG It is the graph which shows the relation between the pitch diameter of an island-shape field, and 
the external quantum efficiency of a semi-conductor light emitting device in the barrier layer 305 shown in 
drawing 10 . 

[Drawing 14] It is the sectional view showing the 4th operation gestalt of the nitride system semi-conductor 
light emitting device of this invention. 

[Drawing 151 It is the sectional view showing the 5th operation gestalt of the nitride system semi-conductor 
light emitting device of this invention. 

[Drawing 161 An adjacent layer is the schematic diagram showing the current path of a thing [ than a barrier 
layer ] case with a larger band gap. 

[Drawing ..17] It is the schematic diagram showing the layer structure used by the two-dimensional simulation. 
[Drawing 18] It is the distribution map of the current density directly under the hole-like field when impressing 
the electrical potential difference of 4V in the two-dimensional simulation to the component shown in drawing 
17. 

[Drawing 19] It is the sectional view showing the 6th operation gestalt of the nitride system semi-conductor 
light emitting device of this invention. 

[Drawi.ng„20] It is the sectional view showing the 7th operation gestalt of the nitride system semi-conductor 
light emitting device of this invention. 
[Description of Notations] 

100 Sapphire Substrate, 

101 N Mold GaN Buffer Layer 

102 N Mold GaN Contact Layer 

103 N Mold AIGaN Cladding Layer 

104 N Mold In0.1 Ga0.9 N / GaN Multiplex Quantum Well Adjacent Layer 

105 In0.3 Ga0.7 N/GaN Multiplex Quantum Well Barrier Layer 

106 P Mold GaN Adjacent Layer 

107 P Mold AIGaN Cladding Layer 

108 P Mold GaN Contact Layer 

109 N Mold GaN Energization Barrier Layer 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejue 



06/07/14 



JP, 10-294532, A [DESCRIPTION OF DRAWINGS] 



2/3 ^— v 



110 P Lateral Electrode 

1 1 1 N Lateral Electrode 
150 Laser Beam 

1 52 Lens 

154A The nitride system semiconductor laser beam by this invention 

154B The laser beam of the conventional DVD system 

154C The laser beam of a compact disc system 

160 Optical Disk 

162 Truck 

164 Pit 

200 P Mold SiC Substrate 

201 P Mold AIN Buffer Layer 

202 P Mold GaN Layer 

203 P Mold Aluminum0.3 Ga0.7 N Cladding Layer 

204 AluminumO.1 Ga0.9 N Adjacent Layer 

205 In0.1 Ga0.9 N/Aluminum0.1 Ga0.9 N Multiplex Quantum Well Barrier Layer 

206 AluminumO.1 Ga0.9 N Adjacent Layer 

207 N Mold Aluminum0.3 Ga0.7 N Cladding Layer 

208 P Mold GaN Current Constriction Layer 

209 N Mold GaN Contact Layer 

210 N Lateral Electrode 

21 1 P Lateral Electrode 

300 Sapphire Substrate 

301 GaN Buffer Layer 

302 P Mold GaN Contact Layer 

303 P Mold Aluminum0.2 Ga0.8 N Cladding Layer 

304 P Mold GaN Adjacent Layer 

305 In0.3 Ga0.7 N/GaN Multiplex Quantum Well Barrier Layer 

306 N Mold GaN Adjacent Layer 

307 N Mold Aiuminum0.2 Ga0.8 N Cladding Layer 

308 P Mold GaN Energization Barrier Layer 

309 N Mold GaN Contact Layer 

310 N Lateral Electrode 

311 P Lateral Electrode 

400 Sapphire Substrate 

401 GaN Buffer Layer 

402 N Mold GaN Contact Layer 

403 N Mold GaN Layer 

404 In0.3 Ga0.7 N/GaN 3MQW Barrier Layer 

405 P Mold GaN Layer 

406 P Mold GaN Contact Layer 

410 P Lateral Electrode 

41 1 N Lateral Electrode 

41 2 ITO Transparent Electrode 

500 Silicon on Sapphire 

501 Buffer Layer 

502 N Mold GaN Contact Layer 

503 N Mold AIGaN Cladding Layer 

504 Non Dope GaN Adjacent Layer 

505 InGaNMQW Barrier Layer 

506 Non Dope GaN Adjacent Layer 

507 P Mold AIGaN Cladding Layer 

508 P Mold GaN Contact Layer 

509 Si02 Film 

510 P Lateral Electrode 

511 N Lateral Electrode 

551 P Lateral Electrode 

552 P Mold Contact Layer 

553 Non Dope GaN Layer 

554 Non Dope InGaN Layer 

555 N Mold Contact Layer 

556 N Lateral Electrode 
P Pit 

561 N Mold GaN Contact Layer 
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562 N Mold AluminumO.15GaO.85N Cladding Layer 

563 Non Dope GaN Adjacent Layer 

564 Non Dope InO.08GaO.92N Barrier Layer 

565 Non Dope GaN Adjacent Layer 

566 P Mold AluminumO.15GaO.85N Cladding Layer 

567 P Mold GaN Contact Layer 

600 Sapphire Substrate 

601 Buffer Layer 

602 N Mold GaN Cladding Layer 

603 Non Dope InGaN Barrier Layer 

604 P Mold GaN Cladding Layer 

605 P Mold GaN Contact Layer 

610 P Mold Transparent Electrode 

611 N Mold Electrode 

700 Sapphire Substrate 

701 Buffer Layer 

702 N Mold GaN Contact Layer 

703 N Mold AIGaN Cladding Layer 

704 N Mold In0.1 Ga0.9 N/In0.02Ga0.98N Multiplex Quantum Well Barrier Layer 

705 In0.2 Ga0.8 N/In0.05Ga0.95N Multiplex Quantum Well Barrier Layer 

706 P Mold GaN Adjacent Layer 

707 P Mold AIGaN Cladding Layer 

708 P Mold GaN Contact Layer 

709 Si02 Film 

710 P Lateral Electrode 

711 N Lateral Electrode 

[Translation done.] 
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[0 0 2 1] Lfctfot. **KI=«fc*ttf. 



tt*tft*fS*fflt^i=*flfe-rscfc^-c#. <sy-rx© 

iiT'fESA<EJf?§T*. »#a^.Bt»UlL5!ffl^^ K©«JS 
[0 0 2 2] 

ffli^TpiiffliciftBj-r 4. b i i42t>i§B^©B 1 nnrntm 

®Bt?fei»o 1 OOli^^T-ftlfi. 10 

1 !4ng!G a N/<VZ>T— M (S i K— 3~5 x 1 
0l8 C m-3. 0. 1 Urn) tfeU, 102ljlnlQaN 
(S i K— 3-5x1 0l8 cm -3^ 4 
#m) , 1 03linlA I Ga N *? z> V KJB (S i K — 
X 5X1 Ol7 cm -3 % o. 3/im) . 1 04linSl 
no. 1 Gao. 9 N / G a N ^U^^p (mu 1 1 ip I e quan 
turn well) mm (S i K-^. 5x 1 o17 C m-3. # 
Pi2nm, RAM 4 n m. ^7 — » 3 ) , 1 0 5 14 I 
no. 3 Gao. 7 N/G a N £S*^-#pS1£Jg (T> K 
— ^. #Plg2nm. HM|@4nm. -<7— »3) . 1 
06ttpMGa N PUJSIS (M g K — ^, 5xi 0 17 cm 
"3. 0. 1(/m) . 10 7lip^A I G a N^^-y KJi 
(Mg K— 5 x 1 o17 cm -3 v o. 3 Urn) % 10 
8lipf GaN3>^7 hi (Mg K-7", 1~3xl 
Ol8 C m-3. 0. 5 U m) . 1 O 9l4n^G a Nlf$ 
%£M (S i K— ^ 1 x 1 o18 cm -3, o. 3 um) . 
1 1 OI±p©jm*I. 1 1 1 14 n H®H T'fe 5. 

[0023] mi y s a>»a*att* 
©tjsu-e**. *&»i=**ft«*fflLNfc«ffli«ft (m 

etal Organic Chemical Vap 
our Deposit ion: MOCVD) ;£l-4 
"J. T*t5 1 0 0©_t|C. nlGaN/ 1 !'^? 

— M 1 0 1 frbnlG a NJ1 1 O 9 ^T'J^S1--i>o -£"© 
^. n^G a Ng1 0 9©±l--a57^- K'J V^*^^-f 
— \Z& y V^.^ ^SJjjEb. plA I GaN^7"; h* S 1 
07A<iHJtl.Stivf>yi!T3. p^Ga 
Nn>^-7 H1 0 8£j$:tl-f •&„ -?-©^nl9G a N =l 
>^<7 r-jfl 0 2^Mt^ifc«!)l:nlG a Na>^-j7 
h-B 1 O 2 $^^$i^I>■r■i)gi5»$VX'7•^:ML^X•>^>y|^ 
it4. ^X^^^^LniPJffi^ll 1 1. pfiKSl 1 

[0 0 2 4] CZT*. BUlBn^I no. 1 Gao. 9 N/G 
a N ^m*^#PPg}£H 1 0 4 (S i K-?\ #piH2 
nm. BB$i4nm. ^7 — ife 3 ) I4^©4 
-£-S>o J$SiSSl4 7 6 0°C. I no. 1 Gao. 9 NJi©fi£ 
glCI4. TMI (l-U^fMy/OA) , TMG ( r- 

l\ ffi^©Jll«ii£5-C 1 //m/-h©J5E^ilgA<#t,^^ 
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Jf -So OLXT'. l8>M©f#«B*BI$a3lvcT 
MG ( h'J^^Utf'JOA) . 7#*.fc«fctf*> 

5. CtulrJ:oTfS4 nm©KiIi^fiES^l5. JUT 

nc^a-fa^«3BtiiJsu #p (we i i) mtm 

g (ba r r i e r) JftD^T^ 3 3iif8Jm£J5fcU fco 

[0 0 2 5] za>J:3l::L"Oa*Lfc£M?-#FIBS 
Jfl 0 4lCli v JfCDSrt^lnJlCfct^T. I n £Bj£jb<)§fi)T 
Wlr£l^#A<ff2j$£;H£C,fc*<$iJBJ3Lfco 0214. 2i 
y-K ■ ;u5*v*>*Sfci=***««*#FI»»Jii 

0 4©#FI(Dj63taft©Bl*J»***tiaBI , Cft 

l-fel^T. ||J:i| fc»ft©*l**3feAH8H***ifc. - 

<fc*. ^m«T m 1 0 4 1±. 

S^I-fct^T. -f >i^A<2frflj£A<iKl^i£#&#l-?F 

(=H^fcte». ^Ii : F#P^tlil0 4©^FIlc 
I*. l:gift2 nm-C, -Ov?OASSfifiE^3 0%tf>Stt<D 

fl&hfcJlSt-tb^ I nA^<> 5§1±JB 1 0 5frt,(D&?/t 

$ 0 ^s»^#fjii 0 4ici*. maL 

fcj:5lcvij=i> (S i) $ K— '^'LTl-' v -i>A < , 03lc 
a* I, fc «fc 5 lc. -< >v O A aft I* y'j3> 

1 'J ^SKIiteOo 

[0 0 2 6] B4li£li-?-#Flft£Jli 0 4|zisit5 

jjtLfc^lr. G a NBBBCiXBfti:: K-i— *<#ffi L 

• /<> KA^itsctCcty. eraser 

"CCD I nG a N#FJS^©*A» y-VtDlSlS&ftte^a&H 

jt©/hs^«^i=s*LTiia< #y. »3flti**i:4Lx. 

gtti1 0 64«**t4Ci:i:j:«. CORftB 
10 4T-©! nfflfiE(7)#L^^T?a>?RiR*<5fei:€>*^ 
<D*i»tt. a'>%4tt©fat'gC4 e lot. RttS 

=FI**rcfc 4*>'Ja> (Si) . M (O , f^ — 

-^A (Ge) . XX (Sn) . IS (Pb) ©lvf*lfrfc 
Lfci§#l-I4. L*l*flLiJWa>MB#l*fcfr-3fc. 
[0 0 2 7] *mti&MU<D\s— y=l4L#lM£2 OmA-C 
BBSBfftSLfe. #£g;K5l44 2 0 nm. MftBBEIi 



3. SVTfcofc,, 5 0mWB#|::S/NI4##tiS£fl!l* 
fclMfc*©*** U— tf<D 2 0 d B icht^ 1 3 0 d B t 

ia]J-Lfco *fc, !£3lEa>SttJli&flfl=prttnft4UI£K 
[0 0 2 8] Jfclc. *»M#I4. miaLfcffijt75;£l-4 

z&%Lmm&.L. BB£Sa£-r«B*$B'<fe. ms 

(4. BBLfcBfcBJMUWtU— yicoHTftU*** 

T. «ttli*Wa*SU $Sf$4ll4SB^»^^CLfcM 

04>G>Ii2ll4*#g 

14. JtttttT*fcU. BttOKttMttOftfrUlc. Btt© 

mfrbfrTli-i KH©na9l=, HJ»1 0 nmtf) I nO. 25 
G ao. 75N?Ri|Rfi$ISI-tfco 

[0 0 2 9] 04frt>. BttORfcfMtSKItfctttHH 

B»»B*£r*Bfc*lM^{*****i<W&*i.*» 

[0030] @6i4. ^nrnzkb^mtt-is— **%=f 

1f*^&U— tf*1 5 0A<tttil$*L. 
5 2lc*y***tir3fe-r-f 1 6 OlrASt-f £0 * 
f-fX^ 1 6 0<D«SIC|*. Pit>R±lc h^->-> 1 6 2 
A<t6l*t>5fV ^E-CD 1 6 2lCj' D v oTt°-y H64 

A^JS^tLT^S. U>X1 5 2IZJ:y|fcJft**LfcU— 
■tFjfetts Z©bfy h 1 6 4(D**l=J&CTS^7!i<^-(b 

2 O nm©U-f ■ t*— A^fflL\fcli-&l-li. I^HlC^ 

Lfc4 5 ir y JMiSftTatoTMl* t*— A i 

^*<75. DVDvX^A : A = 6 5 0nm. g^P 

it : N A = 0 . 6)0) U— • tf— A 154Bfc. 3 > 
h • ■7 r 'f X-J7 ->X^A (jftfi : A = 780nm. |§ 
□ it:NA = 0. 4 5) ©U-f - t*-Al 5 4Ct$ 
TULtz. C^feCDtblx^iiBgt.Tb^ict %.5£m(DW. 
it®Jk¥&& U— <f£IBUfci§^|r 14, ^T*^*^ 
fcU— tF • t*-A£*#.i>C<!:Jb<-e£\ pt^-f 1 6 0 
icfclt-i) h^-V^ 1 6 2©PIIt, t°-> h 1 6 40>RljPI 

*©DVDv^fAtttgiLTt. IBil#*$^3<gli 



[0031] $£>k, *§tmo>m.itto&!mi*\s— #iz 

[0 0 3 2] fcfc, graLfcfl-eii. #IlT#Fi}| 

ib i o 4i*3-<7— (D^mtmmm(Di(D^m^tz 

[0 0 3 3] **W©»2©S&ft»»l=-3l*TBl 

SI-fcl^T, 2 0 0lipiS i CSS, 201lipiA 

IN/^'^/I (MgK-?, 3-5x1 o20 O m-3, 
0. 1 um) , 2 0 2lipSG a Ni (Mg K— 7?, 1 
x 1 Ol9 cm -3 s 4 um) , 2 0 3 lip MA I 0. 3 G a 
0.7 U<??y KB (Mg K— 5 x 1 o17 cm -3^ 
0. 3tfm) , 2 04I4AIO. 1 G a 0. 9 NgS&B (7 
>K-:7, 0. 1//m) . 2 0 5li£MT-#F;SteB 

In 0.1 GaO. 9 N/A lo.l Ga0.9 N (7> K— 

#F*B1 nm, PtS*S2nm. ^7— £& 3 ) , 2 0 
6 1± A 10. 1 GaO. 9 Niif (7>K~ ^, 0. 1 ju 
m ) . 2 O 7 I* n S A I 0. 3 G ao. 7 N<7 v <y KJ1 

(S i K— X 5 x 1 o17 cm -3, 0. 3ym) , 2 0 
8IJplGaN^aS^l (MgK-^. 5X1 O'7o 
rr>-3, O. 1 urn) , 2 O 9 l± n MG a N =1 1 V ft 

(Si K— 1-3x1 o19cm-3 N O. 1)/m) , 
2 1 O I* n firefil, 2 1 1 ItpfireS-efc-S),, 

[0 0 3 4] c©ttft*»¥SIH*u— tf©S!i£;Sj£l*;* 
rotjjyt'fei,, s&toicMocvDjiicfey pMg a n 

St3ii$fe3lB2 O 8^t?Ji!t5L-?-©^. pMGaNfg 
S^ff 2 O 8©±|C-a57^- HJ Vf=?-y-i — l=«fcyT 
7.-? (0^-H-T) £fi*J&U nlA 10.3 Ga0.7 N$ 

kb 2 o 7 A<aai-r-s^T-x-v^>^$^T5o # 

piGaNa>$^ H2095Mtl). 
tS^ML, -tOttAMdcfcUftSSattS (f a c 

e t ) ^^^-r^>„ 

[O O 3 5] ^SSSJfcftll-fcl^Tli. Ino.1 Ga0.9 
N/A 10.1 Ga0.9 N$If^p;lKl2 0 5t> 
BU&LfcHJ£^®CD£Sg^#FISSf£Bl 0 4t|^«7i 
^DtXI:J:ySat«. 0 JUtttlCl*. I nGaN©j& 
filCliTMG, TMI fi.kUT^-yfX^fflLV A 

I G a NKDtStli, TMA ( h 'J * ? )\,T )\>=. — <^ 
20 , TMG, 7> : E-7:tfX£J?HV MSS8 6 0 
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°C, IS*4©V/-||| tttmi 7 0, =&BT*©J;£S*SrB# 

m. XWW-Z nm, »MI54nm, -< 7 — g! 3 © £ MM 

[003 6] ^©.fc-J'i^PHzXIZ.fcy, fll^#p 
5S14B2 O 5<D#FBSP#Kt.-f A (I n) 

Bl=*5l*T, IS2nm, I n Jfc|j&5j$ 2 O %©fttt©li 

J±-<I nA^U^tlCfcy, *^-3E»i<r*ir. S*f# 
frfr-So -?-ffilSli:Lt, I n©^Sli^l''A</N*> K 

^^ZCDatt©MHEtrl* K— h<Z>S i 7b<'>&<*® 

[003 7] m 8 I*. C05S14B 20 5 £gSMST-B 
?$tS (transmissionelectron m 
i c r o s c o p e) KJ: y ««J Lfc«g»»r*3tBI 

t?S5-5„ S14B2 o 5lcfci^TI4, I nSg 

*<B5a* ysaust^o-c^sattroM^Brt^iRiic 

cDSStt, fib7 0nmtfey. ^- © ISlPSSliSto 2 o o 

[003 8] C©Attff4ttS£a>MNIi£d. ZCDAtt^ 

jKfiA<At?fc^Lltd = Am/2 n (m= 1 , 2, 3, 
4) ©*£#*o£*eB**£gejeLT±r4*j!»<-C 
£fc„ &3b\ m*«4*B*.4i§*l::ttiBfS»©£Bte 

ft -5 Z. <t 1 c J; t # ^. t> tt -i) „ 
[003 9] **16»»l=«l:*lld!. ^mmmiy— V(D 

[0040] El 9 400~430n m©-?"ix 

(%) -ttL-e^oseafej^sicfcL^T, @b 
4>©i nO#*ti|^<t, StSJSSroSiS^^^-r. 
[004 1 ] S14BWlc}|$fiE$*i,i,S i K©-1' > v^AS 

wicitsi[/jxT-fei.A<, u— if^s-r^ic+^^s^* 
*»*-r*ci*«nrte-pa5-s. i n^iii©! 



«MftlcJ:*»Jttlz«ty RTIfclPflftJteJii: LXMZ&Mmm 

[0 0 4 2] JSttJllCK— ^*-*T«W=Ot\rf*. n 
Stft^Si, C, Ge, Sn, P b 61*1^14 L # IMS 

[0 0 4 3] lx— If t'liUt I Mil 0 m 

A1?*»*ftl4 3 7 5 nm)&<»6^ a**^— KJBS 

U sooo^BS-ctDSSBifftffllBLfco *XfB» 

l£ft<. ZnO*Sa>ii$(cl4S&lc«*tfc«3t«ff» 
taWl2 0 8l*gtti2 0 5 
|C»LT*«2 0 0(D«lcSltTtft<. *fc. fittJI 
2O50)H«l=Wtr*AL^ *fc. «9Hfe*JI<D*m 

[0 0 4 4] 30)ftffi«tt£ien-r 

So Hi 0f**«W(D*3©StlS»ll*«-r»t*** 
SH*L/— tFCOBrffiHU**. HBC:i3l*T\ 3 0 014-* 
^r^^Sffi. 30 1liGaN/\777-l (O. 0 1 
|im) T'fey. 3 0 2fiplGaN3>-$i^hl (M g 
K— 3-5x1 o18 cm -3, 1/im) . 3 0 3l4p 
iA I 0. 2 Ga0.8 KJB (Mg K— 5 x 1 

Ol7cm-3 % o. 3/im) „ 3 O 4 14 p £ G a N KSJgJI 

(Mgh-^ 5x10^cm"3, O. 1 M m) . 3 0 
5(4 1 no. 3 Ga0.7 N/GaN*IK#PSttl 

(7> K-^\ #Plg2nm. Bti4nm, ^7-§& 
3) . 306liniGa NR|gJf (S i K— ^ 5 x 1 
Ol7 cm -3, O. 1//m) , 3O7lingAl0.2 Ga 
0.8 N^^^Ki (S i K-^. 5 x i o17 cm -3 % 
O. 3/im) , 3 O 8liplG a N ilUPfilJf (Mg K 
-Zf^ ixl o18 cm -3 s o. 3 Urn) . 3 09ling 
G a N=l>£^ hit (S i K— 1 - 3 x 1 o18 C m 
-3, O. 5 urn) . 3 1 OlinffllJSffi. 3 1 1 14 p WW 

[0 0 4 5] WTfr-t<7>«Jft»54a>aiB5*ai-<*o ISA 

-^Sffi3 OOCMOCVDSCj: l jGa N/'v^^T— Ji 
3 O 1 £j£ft$1*S*<. -t^T-f^StES O 0I4B 1 1 
(a) . (b) I^SSflSJ:?!^ X'J KttOtfJflB 

3 2O4<A^tc^t0)^lufc o ::r\ to!3 2 

0<&MP14. £fl*(4. »250//mx30/im, 

m±omm\tmz 5 o //miitnct^iSc 
[00 4 6] *mmzmiz&i^T\t. s-r. *^T-r-^ 

ftffi 3 O 0±lZ«*(R3(7)ffifti$SA<il< ttSftft-CG a 
NA777-I3 O 1 a>jaft£fr5o -T3Br*5*>. 
gB#|Z, Ga N©#te»ftl=»LTJS*SfiE£+#l3* 

£S C uOcfc^^frt'/^^^j-lsoi SiSStS 

Ctia^t, 1*?7^3Mfi3 0 0<&ffl;|xB3 2 0C& 
SP#I4G a 1 TrgtfftStt® £ 
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So 

[0 0 4 7] ^<D&. 9ft<DJSftttflg-eH%p&G a N 
□ >5f^hi3 0 2^bplGa NiiH®gH3 0 8£ 
T?j£S*fT5. pSG a Njf«|«gJ|3 O 8*T?ML 
^^-hUV^^^-f— lCj:y plGaNltKI 

Jf3O8 0)±lcgp»W{zvx^ (H«*r) 

nSAI0.2 G a 0.8 N£5-> KJ13 O 7*><Rai-rS 

N3>$^7 hi3 09^l£It5c 3>$ni309 
CO±\ZH i d:AuMfLTnlig3 1 O &f&tiL1r 
So Sfc. Sfi 3 O O TSlcfc L J G a N / \'7 7 7-1 3 

0 1 z^v^xpizk yi»£L, p t % t k a u &m 

*IfLtpiiS3 1 1*»*t4. tFfH 
^■t-r*fc«>»BBi3«ky«liB *»J*U ^ 

<*U-1f£f#So «Bl::i4B«Lftl**<B«*£Bfltl=: 

[0 0 4 8] *^J£^^|-fclfS±Ifi I no. 2 G 

a 0.8 N/G a N^Il^pSttl3 O 50lftM7S 
J*S2M*£fft5frf So J&S5SJ1I4 7 4 0°CT% I nGa 
NHI4TMG, TM I fc«fctf7> i E-7'#XtffilV G 
a N«l4TMGfccfctf7>^ — 7*^*£ffll*So InG 
a N#F«l4J5fcfi*JK*< I no. 2 G a 0. 8 N 
ri //m/hO»6tL5«fi*ftt7», GaNlSilil 
ttTMIJ±ttt2 0»fl)rtft$ff5. Sfcs InGa 
N#FIt G a NWMtDAftOMlCtt 1 . 5»0>ft« 

®Sr^s^jgA<s^Sfc«!>r*fcSc ^a>*5<c*«s 

frdCtlCcfey. I no.2 Ga0.8 N/GaNMlf 

#Fsnii3 o 5^ic(4 1 nn&m.tfmmift\z$^&ftti< 

#F«»»lz»fiR**L*o JH*MC:l4##F«fz]>:«2 
nm v I nI^3 0%CDfa^SlMJ^4 o C(D 

1 OmeVJUTOSUL^l^o C(DS<bttS¥SH* U 
— •fl=«atJtAtfTofc»*. I nttJ****l*C(D«* 
■CttK— h(7)S i jb<d>ft<»W*MB< 

[0049] [ii 2 14. sttji 305 (©aiaii^aa 
TB«»3«ty* : T'«*«siLfce*. ^tiii3 0 5iz 

fcl*TB\ S n m©ftO»«««4<4at 4 u t A<ffi 

«*<D*fit*«^fctt*. MBcfcyti I nlSiqt^u 

cty«*LfcB*. C<DS«^HEIz^iSL-C^Ii]IEL< 
ft A/ f£*3fe A fl<UH Tr * fc . 

[0 0 5 0] CO«fe5<C*«a>«l«A^ja**l4IRH 
14. G a NCDJlI'G a N fcte^-g^ L&l^ I n G a N $ 



. . (8) 
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[0 0 5 1] Si 314. »1**i*D**aF£*1.*J*T-4!i 

H&I41 0 0 nm6lT1?*4CtA<i*LU. fi^MUS 
(D«*<£*lJ«lJb*#<fc*i % HI 3lz*-f cfc-pl-fgft 

[0 0 5 2] *^^#l±. ftttHm<fc^0>Jli2SP 

1t«J&« 1 0 O n mlilT©»*«*3S<#ttf4fc«)(= 

i*. fttt«*©«si5f::isi*T» 2 nmcrti- 1 o%w± 

[0 0 5 3] S14EW©K I nttj£0f* K±- #'J>&^ 

15 1 nffii£l4. A> K*+y^liA*KiS**J:y* 

C <D&mif%& ± ftX th n X t fttgi L tz . 
[0 O 5 4] gftii: K-?t4^tt*t LTtt. ng! 
i4^S i. C. Ge. Sn. P b KWT'14 U^fitA* 

Tl = . fil^(S]lCJ$S$-t±fcG a N/\'-v7 7- if 3 0 1 A< 

[0 0 5 5] *fc**S6»tt(D*SH*U— tfl4L#iMt 

2 0mAtfgSitgL, f£«jfcfit4 4 2 0 n m. ft 
ft*EI4 3. SVXfo-otz. £fc. SE&«&£*T?*l:: 
J: y 5 OmWibttBtCDS/Nte. *«Jt£ffll*ftlM£* 
CD^§&U— +f<7) 2 0 d BlChb-< 1 3 0 d B«hH§|::|6j 

3 o omwomiutizm zmfr-nztz. 
mmvztzo 

[0056] ^mmmmxit^t L-c-tf-^r-f 



t&LV £ bl-fi£5:£j£«i: LTMBE (Mo I e c u I 
a rBeam Ep i t axy) ;££ffll^-5>«t. /HU 

So 

[0057] #ic, **W<o*4©*Jt»tticoixrK 
11 4Hii*^ajrom4CD5IJ£^ic<i^^a 

ft1«MMK**#$r.f :*--K (LED) (DffiSB§*gj££|& 
IP?-*" -5 ^HICfcl^T. 4 0 0IW7 

7'f J PSfi> 4 0 1 I4G a N/x-vPtJI ( 3 ~ 5 x 1 0 
18 C m-3, 4//m) , 402linlGaN3>^^ H 

(S i K-?, lx10l8 C m-3, 2jum), 4 0 3 14 
n^G a Nl (S i K — Zf, 5 x 1 0 1 ? c m-3, o. 1 
U m) , 4 0 4I4 I no. 3 G ao. 7 N/G a N 3 MQ 
W,llil (S i K— Zt, #Pl2 nm, iBf4n 
m) . 4 0 5l4pS!G a Nf (M g K— Zf, 5x1 o17 
cm-3, O. 1//m), 4 O 6 14 G a N a £ |-Jf 

(MgK-7, 3xlo18 cm -3, o. 0 5//m), 
4 1 O 14 p filJSS, 4 1 1 (4 n ffllJUS, 4 1 2 14 I T O 

(Indium Tin Oxide) W^Wt&Xth 

-So 

[0 0 5 8] ^@ro#¥3N*JSI4MOCVD£lZ«fcyj£ 
SLfco S14H4 o 4(DJS5^|rl4-€-ti-? : nro I no. 3 
Gao.7 N#F«©J**«f=ja**BfB*IHI£l#*&3 
SMSItri n9UE*<Xl*Att«J*«ftJftLfe. JSttSei 
5l-<75^5l4S^©^S^;4T^ofc. ^Mp1I^«: 

-t>fl^»lrl4S i 02 ^^Itfc. j«-y-»«<0±ffil=l* 
£BaE««*»*L4&l=-»fl"T?n«m«4 1 1 I- 

s^«p»i- pffloms4 i o^^fiEu. nfi?m^4 1 1 ^ 
iyn'tfctc^ ca>xsjiia«ajBua> i nit^ 

ISt^HtlCtb^ I n;SSA<1 0%gS^<#^^TLN^> 
Zbti<t>t^r>tz. *TroH)ftmBEI4 2 . 7VC3ttB*l4 
1 OmAT'1 OmWT'fcofz. 1 0 0mAT?l45 

O mWT* fe O fc. ■ Iljta?* S < ttSP*^ Sb*l4 3 O % 
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